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LQGXVWU\DQG LQ WHUPVRIKLVGHYHORSPHQWRI WKH VHSDUDWHFRQGHQVHU >@ZKLFK UHYROXWLRQL]HGPDQXIDFWXULQJDQG
ZDVDNH\FRPSRQHQWWKDWEURXJKWDERXWWKHLQGXVWULDODJH
0\LQLWLDOZRUNDWWKH8QLYHUVLW\RI*ODVJRZZDVUHODWHGWRWKHIDEULFDWLRQDQGRSHUDWLRQRIDVXSHUFULWLFDOVWHDP
JHQHUDWRUDQGFRQVLGHUDWLRQRIVHYHUDODVSHFWVUHODWLQJWRWKLVLQFOXGLQJGLVVRFLDWLRQRIVWHDPR[LGDWLRQRIPDWHULDOV
IRU FRQWDLQPHQW DQG WKH FUHHS RI VXFKPDWHULDOV SULPDULO\ VWDLQOHVV VWHHOV DV WKHVHZHUH WKH SUHIHUUHG SRWHQWLDO
PDWHULDOVIRUKLJKWHPSHUDWXUHVWHDPJHQHUDWRUV
&DQDGD
,Q,PRYHGWR&DQDGDMRLQLQJWKH8QLYHUVLW\RI6DVNDWFKHZDQZLWKUHVSRQVLELOLW\IRUWHDFKLQJDQGUHVHDUFK
LQPDWHULDOVLQWKH0HFKDQLFDO(QJLQHHULQJ'HSDUWPHQW
2QHRIP\HDUO\VWXGLHVDW*ODVJRZKDGUHODWHGWRWKHGLVVRFLDWLRQRIVWHDPDWKLJKWHPSHUDWXUHWRR[\JHQDQG
K\GURJHQDQGDQHDUO\SDSHU>@ZDVSUHVHQWHGDWDQ$60(FRQIHUHQFHLQ1HZ<RUN
/DWHU WKH GLVVRFLDWLRQ SDSHU FUHDWHG VRPH LQWHUHVW DQGPDQ\ UHTXHVWV IRU UHSULQWV DIWHU WKH 7KUHH0LOH ,VODQG
DFFLGHQW WRRN SODFH ZLWK GLVVRFLDWLRQ RI VWHDP OHDGLQJ WR WKH IRUPDWLRQ RI D K\GURJHQ ³EXEEOH´ ZLWKLQ WKH
FRQWDLQPHQWYHVVHOLQWKDWFDVH
)ROORZLQJWKH&KHUQREOHDFFLGHQW,DQG3URIHVVRU$-0F(YLO\ZKRP,KDGRULJLQDOO\PHWDW$60(PHHWLQJV
DQGKDYHZRUNHGZLWKVXEVHTXHQWO\ZURWH IXUWKHURQ WKHVXEMHFW >@EHFDXVH WKHKLJK OHYHORI UDGLDWLRQ WRJHWKHU
ZLWKWKHKLJKWHPSHUDWXUHKDGRQFHDJDLQFRQWULEXWHGWRVWHDPGLVVRFLDWLRQDQGWKHIRUPDWLRQRIH[FHVVK\GURJHQLQ
WKH&KHUQREOHUHDFWRUYHVVHO
7KHPRYHWR&DQDGDJDYHPHDQRSSRUWXQLW\WRH[WHQGP\ZRUNWRFRYHUWKHJHQHUDOWRSLFVRIFUHHSDQGIDWLJXH
DVZHOODVWRSDUWLFLSDWHLQFRQVXOWLQJDVUHTXLUHGDQGDVRSSRUWXQLWLHVDURVH
5DLOURDG/RFRPRWLYH)DLOXUHV
%HFDXVH,KDGHDUOLHUKDGFRQVLGHUDEOHH[SHULHQFHZLWKUDLOWUDQVSRUWDWLRQKDYLQJZRUNHGZLWKWKH1RUWK%ULWLVK
/RFRPRWLYH&RPSDQ\LQ*ODVJRZGXULQJYDFDWLRQVLQP\XQGHUJUDGXDWH\HDUVDQGIRUDSHULRGDIWHUJUDGXDWLRQ,
ZDVFRQWDFWHGE\ WKH1DWLRQDO5HVHDUFK&RXQFLORI&DQDGDZKHQDPDMRUSUREOHPDURVHRQ WKH&DQDGLDQ3DFLILF
5DLOZD\LQYROYLQJD[OHIDLOXUHVRQGLHVHOHOHFWULFORFRPRWLYHV
$VFKHPDWLFLOOXVWUDWLRQRIWKHW\SHRIIDLOXUHWKDWKDGRFFXUUHGLVVKRZQLQ)LJ


)LJ$[OHIDLOXUHRQ&DQDGLDQ'LHVHO(OHFWULFORFRPRWLYH
,W WXUQHG RXW WR EH D OXEULFDWLRQ SUREOHP LQ WKDW WKH GULYH D[OHV ZHUH OXEULFDWHG E\PHDQV RI D ZLFN IURP D
UHVHUYRLUDQGLQFROGZHDWKHUWKHZLFNGLGQRWWUDQVPLWWKHRLOLQVXIILFLHQWTXDQWLW\WRHQVXUHOXEULFDWLRQWKXVWKH
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D[OH RYHUKHDWHG DQG OLTXLGPHWDO HPEULWWOHPHQW RI WKH VWHHO RFFXUUHG WKH HPEULWWOLQJ DJHQW EHLQJ WKH OHDG LQ WKH
EHDULQJPHWDO>@
7KLVRQO\WRRNSODFHLQH[WUHPHO\FROGFRQGLWLRQVDQGPRVWIDLOXUHVKDGRFFXUUHGLQ WKH:HVWHUQPRXQWDLQRXV
DUHDLQDQXQXVXDOO\FROGZLQWHU7KHSUREOHPZDVVROYHGE\PRUHUHJXODUFOHDQLQJRIWKHZLFNVXVHGWRWUDQVIHU
OXEULFDQWWRWKHORFRPRWLYHD[OHEHDULQJV
7KHSKHQRPHQRQRIOLTXLGPHWDOHPEULWWOHPHQWRIRWKHUPHWDOVKDVEHHQNQRZQIRUPDQ\\HDUVEXWQRWJHQHUDOO\
FRQVLGHUHGDVVRPHWKLQJWREHH[SHFWHGE\OHDGLQVWHHODVOHDGEDVHGEDEELWWPHWDOZDVZLGHO\XVHGLQEHDULQJV
EHLQJ VRIW DQG HDVLO\ GHIRUPHG VR FRQIRUPLQJ WR SURWUXVLRQV DQG LUUHJXODULWLHV RQ WKH VWHHO MRXUQDO EXW WKH
FRPELQDWLRQRISRRU RUQR OXEULFDWLRQZLWK UHVXOWDQW ORFDOO\KLJK WHPSHUDWXUH IURP IULFWLRQSURPRWHG VRIWHQLQJ
DQGHPEULWWOHPHQWRIWKHVWHHO
3RZHU3ODQW)DLOXUH
$QRWKHULQWHUHVWLQJFDVHWKDW,ZDVDVNHGWRLQYHVWLJDWHLQYROYHGDQHZO\LQVWDOOHGJHQHUDWRUGULYHQE\DVWHDP
WXUELQHDQGH[SHFWHGVXSSO\LQJSRZHU WR WKH&LW\RI6DVNDWRRQ )ROORZLQJ LQVWDOODWLRQDQGZKHQRQ WHVW WKH WKH
JHQHUDWRURYHUKHDWHG7KHRYHUKHDWLQJKDGEHHQVHULRXVDQGLWZDVXQFOHDULI WKHURWRUFRXOGEHUHXVHGE\EHLQJ
PDFKLQHGGRZQE\DVPDOODPRXQWDQGUHEDODQFHG
6SHFLILFDOO\,ZDVUHTXHVWHGWRGHWHUPLQHLIWKHUHKDGEHHQPLFURVWUXFWXUDOGDPDJHWRWKHJHQHUDWRUURWRUDQGWKH
H[WHQWWRZKLFKLWFRXOGEHPDFKLQHGGRZQLQGLDPHWHUWRDOORZLWWREHUHLQVWDOOHG
$V WKH RXWHU VXUIDFH ZDV QRW IODW LW ZDV QRW SRVVLEOH WR H[DPLQH WKH PLFURVWUXFWXUH RI WKH VWHHO XQGHU D
FRQYHQWLRQDOPLFURVFRSHVRLWZDVGHFLGHGWKDWUHSOLFDWLRQRIWKHPLFURVWUXFWXUHDQGH[DPLQDWLRQRIWKHUHVXOWLQJ
UHSOLFDVZDVWKHRQO\SUDFWLFDOFRXUVHWRIROORZVRPHWKLQJWKDWZDVQRWDPRQJVWDQGDUGRUFRQYHQWLRQDOSURFHGXUHV
DWWKDWWLPH>@
)LJXUHVDQGVKRZWKHURWRULQSRVLWLRQLQWKHJHQHUDWLQJVWDWLRQ)LJVKRZLQJHYLGHQFHRIWKHORFDOKHDWLQJ
7KHPLFURVWUXFWXUHRIWKHURWRUDIWHUJULQGLQJRIIPDWHULDOSROLVKLQJDQGHWFKLQJLVVKRZQLQ)LJVDQG
&OHDUO\WKHURWRUZDVVHYHUHO\GDPDJHGDQGWKHQHFHVVDU\UHPDFKLQLQJWRUHPRYHGDPDJHGPDWHULDOZDVPXFK
PRUHWKDWFRXOGEHDOORZHG6RDQHZURWRUKDGWREHRUGHUHGZLWKDGHOD\LQWKHLQVWDOODWLRQRIWKHXQLWRIPRUHWKDQ
D\HDU
6RPH\HDUVODWHUDFROOHDJXHLQWKH86$ZKRP,NQHZZHOOIURP$60(FRPPLWWHHDFWLYLWLHVFDOOHGPHRQKLV
UHWXUQ IURP D YLVLW WR -DSDQ WR WHOO PH WKDW ZKHQ DW D JHQHUDWRU PDQXIDFWXULQJ SODQW ZLWK ZKRP KLV FRPSDQ\
FRRSHUDWHG KH KDGEHHQ VKRZQ D URWRU WKDW KDGEHHQ VFUDSSHGEHFDXVH RI LQGXFHG FXUUHQW FDXVLQJGDPDJH DQG
ZKHQKHZDVVKRZQWKHUHSRUWRIWKHFDVHLQFRQILGHQFHKHVDZP\QDPHLQLW


)LJ7KHIDLOHGURWRURQZKLFKPLFURVWUXFWXUDOH[DPLQDWLRQZDVPDGHXVLQJUHSOLFDWHFKQLTXHV
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
)LJ&ORVHUYLHZRIWKHURWRUVKRZLQJWKHHYLGHQFHRIKHDWLQJLQGXFHGDURXQGFRROLQJVORWV


)LJ5HSOLFDRIWKHPLFURVWUXFWXUHUHSOLFDDZD\IURPWKHVHYHUHO\RYHUKHDWHGDUHD


)LJ2WKHUYLHZVRIWKHPLFURVWUXFWXUHRIRYHUKHDWHGSDUWVRIWKHURWRUDVUHFRUGHGE\UHSOLFDPHWKRGV
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2QDVXEVHTXHQWYLVLWWR-DSDQIROORZLQJDFRQIHUHQFHDWZKLFK,ZDVSUHVHQWLQJDSDSHURQDGLIIHUHQWVXEMHFW,
KDGWKHRSSRUWXQLW\WRYLVLWWKH-DSDQHVHWXUELQHPDQXIDFWXUHUDQGWRPHHWDJDLQZLWK0U.LPXUDWKHLQVSHFWRUZLWK
ZKRP,KDGZRUNHGLQ6DVNDWRRQRQWKHURWRUSUREOHPDQG,ZDVKRXVHGLQWKH&RPSDQ\¶VJXHVWKRXVHZKHUHWKH
(PSHURUKDGSUHYLRXVO\VWD\HGEHLQJZHOOORRNHGDIWHU
7KLVH[HUFLVHPDUNHGWKHFRPPHQFHPHQWRIH[WHQVLYHZRUNLQUHSOLFDPHWKRGVSDUWLFXODUO\ZLWKUHVSHFWWRKLJK
WHPSHUDWXUHFRPSRQHQWVXQGHUFUHHSFRQGLWLRQVZKLFKOHGLQSDUWDQGLQWLPHWRP\EHLQJJLYHQWKH6RUE\$ZDUG
IRUFRQWULEXWLRQVWRPHWDOORJUDSK\DQGWKHDVVRFLDWHGOLWHUDWXUHE\WKH,QWHUQDWLRQDO0HWDOORJUDSKLF6RFLHW\,06
6RUE\ ZDV D JLIWHG DPDWHXU VFLHQWLVW DQG D )HOORZ RI WKH 5R\DO 6RFLHW\ )56 ZKR FDUULHG RXW VXSHUE
PHWDOORJUDSKLFZRUNDPRQJPDQ\RWKHUDFKLHYHPHQWVDQGDIWHUZKRPWKHPHWDOORJUDSKLFVWUXFWXUHLQVWHHONQRZQ
DVsorbiteLVQDPHG
7KLVZDVDOVR WKH VWDUWRI D FRQWLQXLQJDQDO\VLV DQG LQYROYHPHQWZLWKSRZHUJHQHUDWLRQHTXLSPHQW FRYHULQJD
ZLGHUDQJHRIFRPSRQHQWVIXHOVDQGSRZHUV\VWHPV
7XUELQHV*DV6WHDP+\GUDXOLFDQG:LQG
7KLVLVDWRSLFLQZKLFK,KDYHEHHQLQYROYHGH[WHQVLYHO\WKHLQYHVWLJDWLRQVFRYHULQJPDMRUVWHDPSRZHUSODQWV
QXFOHDU JHQHUDWLQJ SODQW JDV WXUELQH SHDNORDG SODQWV DQG WKH IDLOXUH RI D ODUJH K\GURHOHFWULF SODQW  6RPH
H[DPSOHVRILQYHVWLJDWLRQVDUHGHVFULEHGEULHIO\LQWKHIROORZLQJSDUDJUDSKV
7KHUHZDVDQLQWHUHVWLQJFDVHLQ+DZDLL LQZKLFKDEODGHGHWDFKHGIURPDODUJHZLQGWXUELQHGXULQJWKHQLJKW
QDUURZO\PLVVLQJ DQ DUP\ HQFDPSPHQW QHDUE\ WKH SUREOHP EHLQJ LQVXIILFLHQW EROW SUHORDG VRPHWKLQJ WKDW KDV
DULVHQRQDVLJQLILFDQWQXPEHURIRFFDVLRQVZLWKEROWHGFRQQHFWLRQV,QWKLVSDUWLFXODUFDVHWKHPDQXIDFWXUHUZHOO
NQRZQDQGZHOOHVWDEOLVKHGLQ WKHSRZHUJHQHUDWLRQILHOGKDGPRYHGLQWRWKHZLQGWXUELQHDUHDIRU WKHILUVW WLPH
ZLWKRXWUHDOL]LQJDOOWKHLPSOLFDWLRQVDQGYLEUDWLRQSUREOHPVWKDWFDQDULVHLQDZLQGWXUELQH
,QDSURWUDFWHGFDVH LQD UHPRWH UHJLRQRI&DQDGD WKHKHDGSUHVVXUHFDVLQJRID ODUJHZDWHU WXUELQHVHSDUDWHG
DORQJLWVMXQFWLRQWRWKHERG\ZKHQWKHEROWVKROGLQJWKHPWRJHWKHUIDLOHG
$VPLJKWEHH[SHFWHGWKHFDXVHZDVIDWLJXHEXWWKHTXHVWLRQDURVHDERXWWKHYDULDEOHVWUHVVDULVLQJIURPEODGH
LQGXFHGYLEUDWLRQFDXVHGGHVLJQGHILFLHQFLHVRURWKHURSHUDWLQJYDULDEOHV
,QWKHHQGLWZDVFRQILUPHGWKDWWKHSUREOHPZDVODUJHO\RQHRILQVXIILFLHQWSUHORDGEHLQJPDLQWDLQHGWRHQVXUH
DGHTXDWHFRQWDFWSUHVVXUHEHWZHHQKHDGDQGFRYHUVXFKWKXVWKHVWUHVVUDQJHWRZKLFKWKHEROWVZHUHVXEMHFWHGZDV
WRRJUHDW
/DWHU , ZDV FRQWDFWHG IURP &RORPELD ZKHQ D K\GUDXOLF WXUELQH EODGH IDLOHG DV D UHVXOW RI YLEUDWLRQ  7KH
H[SHULPHQWDOZRUNZDV GRQH LQ&DQDGD WR GHWHUPLQH WKH FDXVH RI WKH YLEUDWLRQ OHDGLQJ WR EODGH IDLOXUH DQG WKH
WXUELQHZDVSXWEDFNLQWRVHUYLFHVXEVHTXHQWO\DIWHUWKHGHVLJQKDGEHHQPRGLILHGWRHOLPLQDWHWKHEODGHYLEUDWLRQ
SUREOHP
,QDQRWKHUFDVHLQ&DQDGDRIDYHU\ODUJHVWHDPWXUELQHZKHUHWKHUHKDGEHHQDIDLOXUHRIWKHVKURXGDQGEODGLQJ
VKRUWO\ DIWHU LQVWDOODWLRQ D ORQJ DQG FRPSOH[ LQYHVWLJDWLRQZDV FRQGXFWHG  7KH FRQFOXVLRQZDV WKDW WKH IDLOXUH
LQLWLDWHGIURPDSLW WKDWKDGGHYHORSHGRQDEODGHDQG WKHDQDO\VLV LQGLFDWHGSUREOHPVZLWKEODGHPDWHULDOZDWHU
WUHDWPHQWDQGWKHSLWWLQJRIEODGHVGXULQJHDUO\VKXWGRZQVVXFKWKDWWKHFRPSOHWHXQLWKDGWREHUHLQVWDOOHGLQD
PRGLILHGIRUPLQFOXGLQJDFKDQJHLQWKHVSHFLILFDWLRQRIWKHEODGHPDWHULDO
3HWURFKHPLFDO
2LO6WRUDJH7DQN)DLOXUHV
$QRWKHUQRWDEOHLQYHVWLJDWLRQXQGHUWDNHQE\PHZDVGHWHUPLQDWLRQRIWKHFDXVHRIIDLOXUHRIDODUJHRLOVWRUDJH
WDQNLQ0RRVH-DZ6DVNDWFKHZDQOHDGLQJWRDPDMRUILUHLQGXFHGE\HOHFWURVWDWLFFKDUJHEXLOGXS)LJ
7KHILUHDQGH[SORVLRQRFFXUUHGLQWKHHDUO\PRUQLQJEHIRUHPRVWSHRSOHZHUHDERXWDQGDZDNHRQDSDUWLFXODUO\
FROGPRUQLQJ
7KHVLJKWRIDEDUUHOWDQNEXUQLQJZDVKRUULI\LQJWRWKHQHLJKERXULQJSRSXODWLRQZKRZHUHIRUWXQDWHO\
IHZLQQXPEHUDVWKHWDQNZDVVLWHGQHDUWKHUHILQHU\LQDQLQGXVWULDODUHD

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7KHVLJKWRIDEDUUHOWDQNEXUQLQJZDVKRUULI\LQJWRWKHQHLJKERXULQJSRSXODWLRQZKRZHUHIRUWXQDWHO\
IHZDVWKHWDQNZDVVLWHGQHDUWKHUHILQHU\LQDQLQGXVWULDODUHD
7KHILUHDQGH[SORVLRQRFFXUUHGLQWKHHDUO\PRUQLQJEHIRUHPRVWSHRSOHZHUHDERXWDQGDZDNHRQDSDUWLFXODUO\
FROGPRUQLQJ
7KHVLJKWRIDEDUUHOWDQNEXUQLQJZDVKRUULI\LQJWRWKHQHLJKERXULQJSRSXODWLRQZKRZHUHIRUWXQDWHO\
IHZDVWKHWDQNZDVVLWHGQHDUWKHUHILQHU\LQDQLQGXVWULDODUHD
)ROORZLQJWKHILUHDWDQGDURXQGWKHWDQNWKHUHZDVDQH[SORVLRQDQGDZDYHRIEXUQLQJRLOLQXQGDWHGWKHOLJKW
LQGXVWULDODUHDFDXVLQJORVVHVYDOXHGLQWKHPLOOLRQVRIGROODUV


)LJ7KH0RRVH-DZ&LW\WDQNRQILUHDIWHUWKHH[SORVLRQ
7KH ZULWHU ZDV FRQWUDFWHG GLUHFWO\ DIWHU WKH DFFLGHQW DQG DIWHU VRPH SUHOLPLQDU\ GLVFXVVLRQV ZDV SURPSWO\
FRQWUDFWHGWRFRQGXFWWKHLQYHVWLJDWLRQLQWRWKHFDXVHRIWKHILUHDQGH[SORVLRQDQLQLWLDODFWLRQEHLQJWRDUUDQJHWR
VWRSWKHVLWHFOHDUDQFHWKDWKDGFRPPHQFHGVRWKDWHYLGHQFHFRXOGEHFROOHFWHGDQGHYDOXDWHG
,QYHVWLJDWLRQVKRZHGWKDWWKHFDXVHRIWKHILUHDQGH[SORVLRQZDVIDLOXUHRIDZHOGRQWKHWDQNFRXSOHGE\DUDSLG
RYHUQLJKWGURSLQDPELHQWWHPSHUDWXUHFRXSOHGZLWKWKHWDQNKDYLQJUHFHQWO\EHLQJILOOHGZLWKRLORIJUHDWHUVSHFLILF
JUDYLW\WKDWKDGEHHQWKHSUDFWLFH$OHDNKDGGHYHORSHGDQGDVDVWUHDPRIRLOOHIWWKHWDQNVWDWLFFKDUJHKDGEXLOW
XSDURXQGLW$VWKHWDQNHPSWLHGDLUUHSODFHGWKHH[LWLQJRLODQGZKHQWKHOHYHORIRLOZLWKLQWKHWDQNKDGIDOOHQ
VXIILFLHQWO\VRWKDWDQH[SORVLYHDLUYDSRUPL[WXUHZDVSUHVHQWLQWKHXSSHUSDUWRIWKHWDQN,JQLWLRQWRRNSODFHIURP
DILUHEXUQLQJRQWKHRXWVLGHWKDWKDGEHHQFDXVHGE\FKDUJHEXLOGXSDWWKHH[LWLQJRLOVWUHDP
:KHQWKHWDQNVSOLWDQGH[SORGHGWKHEXUQLQJRLOLQXQGDWHGWKHEXLOGLQJVDURXQGDQGDGMDFHQWWRWKHWDQN
6RPHPRQWKVODWHUWKHZULWHUZDVFDOOHGWRLQYHVWLJDWHDQRWKHURLOWDQNLQWKH3LWWVEXUJKDUH86$WKDWKDGDOVR
UXSWXUHGDOWKRXJKIRUWXQDWHO\ZLWKRXWDILUH
7KH3LWWVEXUJKDUHDWDQNKDGMXVWEHHQILOOHGIROORZLQJLWVLWVHUHFWLRQRQVLWHKDYLQJIRUPHUO\EHHQRQDGLIIHUHQW
VLWH LQ DQRWKHU FLW\ZKHUH LW KDGEHHQGLVPDQWOHG DQGSLHFHG WRJHWKHU DJDLQ DW WKH3LWWVEXUJK WDQN IDUPQHDU WKH
0RQRQJDKHOD5LYHUZKLFKMRLQVZLWKWKH2KLR5LYHUDQGLQGXHFRXUVHWKH0LVVLVVLSSL
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6KRUWO\ DIWHU EHLQJ ILOOHG WKH WDQN FROODSVHG FDXVLQJ WKH ODUJHVW RLO VSLOO LQ WKH 86$ DQG D GLVDVWHU IRU WKH
0LVVLVVLSSLEDVLQ
7KH SUREOHP ZDV LGHQWLILHG DV WKHUH KDYLQJ EHHQ D GHIHFWLYH ZHOG LQ WKH VKHOO FDXVHG ZKHQ WDQN ZDV UH
DVVHPEOHG
7KH ODZ\HU IRUZKRP ,ZDVZRUNLQJ RQ YLHZLQJ WKH GHYDVWDWLRQ DVNHG KRZ WKH RULJLQ RI WKH IUDFWXUH FRXOG
SRVVLEO\EHHVWDEOLVKHGWKHUHPDLQVRIWKHWDQNEHLQJVSUHDGRXWVKRZQRYHUDQDUHDDVVKRZQLQ)LJ
0\UHVSRQVHZDVWROHDGWKHZD\WRWKHHGJHRIWKHUXSWXUHGVKHOORIWKHWDQNDQGWRIROORZWKHIUDFWXUHVXUIDFH
URXQGXQWLOZHUHDFKHGWKHRULJLQWKHQWRVD\³+HUHLVWKHGHIHFWWKDWSUHFLSLWDWHGIDLOXUH´
,IROORZHGXSZLWKWKHDQVZHUWRWKHQH[WTXHVWLRQZLWKWKHDQVZHUWKDW³*RGWDNHVSLW\RQWKHSRRUPHWDOOXUJLVW
E\SXWWLQJOLWWOHDUURZVRQWKHVXUIDFHRIDIDVWEULWWOHIUDFWXUHLQGLFDWLQJ³QRWKHUHJRDOLWWOHIXUWKHU´)LJDQG
WKHUHZDV WKHRULJLQRI WKH IUDFWXUH)LJ±DFXWWLQJ WRUFKGHIHFWQHYHU UHSDLUHGSURSHUO\DQGGDWLQJ IURPWKH
GLVPDQWOLQJRIWKHWDQN


)LJ7KHFROODSVHGWDQNLVVKRZQLQDVVHHQE\WKHZULWHURQDUULYDORQVLWH


)LJ)DVW%ULWWOHIUDFWXUH±FUDFNJURZWKIUDFWXUHOHIWWRULJKW7KH9QRWFKDUURZVDUHUHDGLO\VHHQ
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5HILQHU\)LUHDQG/LTXLG0HWDO(PEULWWOHPHQW
$QRWKHU FDVH LQZKLFK , KDG DPDMRU LQYROYHPHQW UHODWHG WR WKH IDLOXUH RI D UHILQHU\ LQ WKH86$ZKLFK KDG
VXIIHUHGD VHYHUH ILUHSXWWLQJ LWRXWRIRSHUDWLRQ IRU VRPH WLPH&UDFNLQJKDGRFFXUUHG LQDSUHVVXUL]HG VWDLQOHVV
VWHHOWXEXODUPHPEHUFDUU\LQJRLODQGK\GURJHQ
7KHIDLOXUHRFFXUUHGVKRUWO\DIWHUUHSDLUDQGUHFRPPLVVLRQLQJIROORZLQJSUHYLRXVGDPDJHE\ILUH
7KH XQLW FRQWDLQHG DPL[WXUH RI GLHVHO RLO K\GURJHQ DQG K\GURJHQ VXOSKLGH  7KH ILUH WRRN SODFH IROORZLQJ
UXSWXUHRIDVHDPOHVVVWDLQOHVVVWHHOSLSHUHOHDVLQJWKHGLHVHOPL[WXUHDWORZVXE]HUR WHPSHUDWXUH 7KHUXSWXUH
ZDVDW\SLFDOKLJKWHPSHUDWXUHIDLOXUHZLWKDORQJLWXGLQDOFUDFNDQGDILVKPRXWKDWWKHUXSWXUH7KDWLWZDVDKLJK
WHPSHUDWXUHIDLOXUHLQGLFDWHGWKDWWKHUHKDGEHHQSULRUORFDOKHDWLQJEXWWKHDQDO\VLVRIWKHIDLOXUHZDVFRPSOLFDWHG
EHFDXVHRIWKHPDQ\GLIIHUHQWIDLOXUHPRGHVREVHUYHG
7KHUHILQHU\LQVWDOODWLRQLVVKRZQLQ)LJIROORZLQJVXEVHTXHQWUHEXLOGLQJ
,QLWLDO LQYHVWLJDWLRQV KDG VXJJHVWHG VHYHUDO FDXVHV IRU WKH LQLWLDO FUDFNLQJ OHDGLQJ WR WKH UHOHDVH RI IODPPDEOH
IOXLGLQFOXGLQJVWUHVVFRUURVLRQFUDFNLQJSRO\WKLRQLFDFLGFUDFNLQJDQGPDQXIDFWXULQJGHIHFWV,ZDVUHTXHVWHGE\
WKH ODZ\HUV UHSUHVHQWLQJ WKH UHILQHU\ RZQHUV WR UHYLHZ WKH UHSRUWV SUHSDUHG WR GDWH DQG WR H[DPLQH WKH IDLOHG
FRPSRQHQWVLQRUGHUWRGHILQHWKHUHVSRQVLELOLW\IRUWKHIDLOXUHDQGILUH
&UDFNVZHUH REVHUYHG LQ QHDUE\ SLSH RI GLIIHUHQW GLDPHWHUV DOO EHLQJ ORQJLWXGLQDOO\ RULHQWHG DQG WKHVHZHUH
DVVRFLDWHGZLWKWKHSUHVHQFHRI=Q:KHQDVDPSOHRISLSHVRPHGLVWDQFHDZD\IURPWKHILUHRULJLQZDVH[DPLQHG
FUDFNVZHUHREVHUYHGVRPHFRQWDLQLQJ=QRWKHUVFRQWDLQLQJ&X
7KXV VHYHUDO GLIIHUHQW IDLOXUH PRGHV ZHUH SUHVHQW QDPHO\ KLJKWHPSHUDWXUH UXSWXUH FDXVLQJ WKH ILVKPRXWK
IUDFWXUH LQ WKHSUHVVXUL]HGSLSH ORQJLWXGLQDOFUDFNV IRUPHGERWKDW WKH LQWHUQDODQGH[WHUQDO VXUIDFHVRI WKHSLSH
UXSWXUHV LQZKLFK OLWWOH RU QRZDOO WKLQQLQJ KDG WDNHQ SODFH DW IUDFWXUH DQG FUDFNV DVVRFLDWHGZLWK OLTXLGPHWDO
HPEULWWOHPHQWE\ERWK=QDQG&X
'LVFXVVLRQ ZLWK WKH RSHUDWRUV DQG GHWDLOHG PHWDOORJUDSKLF VWXGLHV DOORZHG WKH FDXVH RI WKH IDLOXUH WR EH
GHWHUPLQHG


)LJ)UDFWXUHRULJLQZLWK86FHQW86FRLQWRLOOXVWUDWHVL]H
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
)LJ5HILQHU\DIWHUUHEXLOGLQJ
7KHSULPDU\FDXVHOD\ZLWKGHIHFWVLQWKHIRUJHGVWDLQOHVVVWHHOFRPSRQHQWVWKDWKDGQRWEHHQLGHQWLILHGEHIRUH
LQVWDOODWLRQ7KHWUDLORIHYLGHQFHZDVWRUWXRXVLQYROYLQJKHDULQJVLQ)UDQFHDQGYLVLWVWRWKHIDEULFDWLQJSODQW,W
ZDVHYHQWXDOO\UHVROYHGZKHQWKHLQWHUQDWLRQDOO\NQRZQH[SHUWIRUWKHIDEULFDWRUZDVDVNHGDERXWZKHUHWKHSRVLWLRQ
RIWKHFULWLFDOGHIHFWZDV±RQWKHLQVLGHRURXWVLGHRIWKHWXEXODUPHPEHU+HJDYHKLVUHVSRQVHDQGRQEHLQJDVNHG
E\WKHODZ\HUZLWKZKRP,ZDVZRUNLQJZK\KHWKRXJKWWKLVZDVVRKHUHSOLHGWKDWKHKDGEHHQWROGWRDVVXPHWKLV
%XWVDLGWKHODZ\HU³:KDWLILWKDGEHHQIURPWKHRWKHUVLGH"´which it was7KHH[SHUWVDLGWKHUHVXOWZRXOGKDYH
EHHQGLIIHUHQW
7KHFDVHZDVVHWWOHGIRUWKZLWK
3UHVVXUH9HVVHOVDQG$QDO\WLFDO3URFHGXUHV
%HFDXVHRI H[SHULHQFH LQ3RZHUSODQW HTXLSPHQWSUREOHPV DQG LQ&RGHVDQG6WDQGDUGV LQFOXGLQJ WKH$60(
%RLOHUDQG3UHVVXUH9HVVHO&RGH ,KDYHEHHQ LQYROYHG WRDFRQVLGHUDEOHGHJUHHZLWKPHWKRGVRIHVWLPDWLQJVDIH
OHYHOVRIVWUHVVIRUKLJKWHPSHUDWXUHDQGORQJWLPHV7KLVOHGWRPXFKZRUNLQWKHPDWWHURIH[WUDSRODWLRQRIVKRUW
WLPHFUHHSDQGFUHHSUXSWXUHWHVWVWRORQJHUWLPHVYDULRXVSDUDPHWULFPHWKRGVEHLQJH[SORUHGVXFKDVWKH/DUVRQ
0LOOHU0DQVRQ+DIHUG2UU6KHUE\'RUQDQG/H0D\:KLWHSURFHGXUHVDQGRWKHUV>@DOORIZKLFKZHUHVKRZQWR
EHDSSOLFDEOHIRUVSHFLILFDOOR\VRYHUVSHFLILFWLPHDQGWHPSHUDWXUHUDQJHV
)RUPHUO\GHVLJQZDVPDGHZLWKWKH$60(DQGRWKHUVLPLODU&RGHVXVLQJDQ³DSSURSULDWH´SDUDPHWULFPHWKRG
RU WKH$60(&RGHWDEXODWHGGDWDZHUHXVHGJHQHUDOO\GHULYHGXVLQJWKH/DUVRQ0LOOHUPHWKRGDQGH[SHULPHQWDO
GDWDIURPSXEOLFVRXUFHVLQWKHOLWHUDWXUH
+RZHYHUWKHFRQWLQXXPGDPDJHDSSURDFKSLRQHHUHGE\.DFKDQRY>@KDVODUJHO\PDGHWKHVHPHWKRGVUHGXQGDQW
,KDGSUHSDUHGD0DQXDOIRU%UD]LOLDQLQGXVWU\GHDOLQJZLWKWKHGHVLJQRIKLJKWHPSHUDWXUHFRPSRQHQWVIRUWKH
%UD]LOLDQ SRZHU LQGXVWU\ DQG PDQ\ LQGLYLGXDO DQDO\VHV KDYH PDGH RQH EHLQJ SUHVHQWHG DW WKH ,QWHUQDWLRQDO
&RQIHUHQFHLQ6KDQJKDL,&397GHDOLQJZLWKGHDHUDWRUVDQGUHODWHGFRPSRQHQWVLQDJLQJSODQW>@
$ UHFHQW SDSHU >@ VXPPDUL]HV WKH FRQWLQXXP GDPDJH SKLORVRSK\ RI GDPDJH DQG LV SUHVHQWHG LQ IXOO LQ
$SSHQGL[$
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5HVSRQVLELOLW\IRU)DLOXUH
,Q UHFHQW \HDUV LQ GHDOLQJ ZLWK IDLOXUH DQDO\VLV , KDYH EHHQ FRQFHUQHG ZLWK WKH VXEMHFW RI DVVLJQPHQW RI
UHVSRQVLELOLW\IRUIDLOXUH7KLVKDVEHHQRXWOLQHGLQUHFHQWSDSHUVWRZKLFKWKHUHDGHULVUHIHUUHG>@
$SSHQGL[$3UHGLFWLQJ5HPDLQLQJ/LIH8VLQJ'DPDJH0HFKDQLFV3ULQFLSOHV
A.1. Abstract 
&RQWLQXXP GDPDJH SULQFLSOHV KDYH EHHQ XVHG WR FKDUDFWHUL]H GDPDJH RFFXUULQJ LQ SUHVVXUL]HG FRPSRQHQWV
RSHUDWLQJXQGHUFUHHSFRQGLWLRQV)ROORZLQJDUHYLHZRIWKHFRQFHSWVRIGDPDJHDQGLWVPHDVXUHPHQWDQDO\VLVKDV
EHHQSUHVHQWHGWRVKRZKRZGDPDJHFDQEHHVWLPDWHGXVLQJFRQWLQXXPGDPDJHFRQFHSWVDQGKRZWKHUHPDLQLQJOLIH
FDQEHHVWLPDWHGLQWHUPVRIWKHFXUUHQWFUHHSUDWHRIDFRPSRQHQW,WLVVKRZQKRZVXFKGDPDJHFDQEHHVWLPDWHG
XVLQJPHDVXUHPHQWVRIWKHORFDOFUHHSUDWH
A.2. Introduction 
&RQWLQXXPGDPDJHPHFKDQLFVFRQFHSWVWRFKDUDFWHUL]HFUHHSGDPDJHZHUHLQWURGXFHGE\.DFKDQRY>@DQGKDYH
EHHQ HVWDEOLVKHG DV DPHWKRGRI VRXQGPHWKRGPHDVXULQJ VXFK GDPDJH LQ DGGLWLRQ WRPRUH HVWDEOLVKHGPHWKRGV
LQYROYLQJPLFURVWUXFWXUDODQDO\VLVDQGPHFKDQLFDOWHVWLQJ6XEVHTXHQWO\LWKDVEHHQUHDOL]HGWKDWWKHPHWKRGRORJ\
FDQ EH DGDSWHG WR HVWLPDWH WKH UHPDLQLQJ OLIH RI D FRPSRQHQW XQGHUJRLQJ FUHHS DQG WKH SDSHU ILUVW SURYLGHV DQ
RYHUYLHZ RI WKH SULQFLSOHV RI FRQWLQXXP GDPDJHPHFKDQLFV DQG WKHQ LOOXVWUDWHV LWV DSSOLFDWLRQ WR UHPDLQLQJ OLIH
HVWLPDWLRQ

1RPHQFODWXUH
ܣ 
ܤ PDWHULDOFRQVWDQWLQGDPDJHDFFXPXODWLRQDWWLPHݐ ൌ Ͳ
ܥ FRQWDQWLQWKH1RUWRQH[SRQHQW
݁ WUXHVWUDLQ
݁଴ WUXHVWUDLQDWݐ ൌ Ͳ
݇ H[SRQHQWLQWKHGDPDJHDFFXPXODWLRQUHODWLRQDWWLPHݐ ൌ Ͳ
ܭ PDWHULDOFRQVWDQWLQWKH1RUWRQHTXDWLRQ
ܮ ݉Ȁሺߣ െ ͳሻ
݉ H[SRQHQWLQWKH1RUWRQHTXDWLRQ
݊ SRZHUODZH[SRQHQWLQWKH.DFKDQRYGDPDJHDFFXPXODWLRQHTXDWLRQ
݌ PDWHULDOFRQVWDQWLQWKH1RUWRQHTXDWLRQPRGLILHGIRUGDPDJH
ݎ H[SRQHQWLQWKH5DERWQRYUHODWLRQIRUGDPDJHDFFXPXODWLRQUDWH
ݐ WLPH
ݐ௙ WLPHWRFUHHSIDLOXUH
ݐ௥ WLPHWRUXSWXUH
ݐ௥௘௠UHPDLQLQJOLIH
ݐҧ WKHEUHDNLQVORSHRIWKHORFXVRIWKHIDLOXUHVWUHVVOLQH
ߙ DSURSRUWLRQRIWKHGLIIHUHQFHEHWZHHQ\LHOGDQGXOWLPDWHVWUHVVYDOXHV
ߚ 
ߜ ൣͳ ൅ ߙ൫ߪ௨Ȁߪ௬ െ ͳ൯൧
ߝ HQJLQHHULQJVWUDLQ
ߝ଴ VWUDLQDWݐ ൌ Ͳ
ߝ௥ VWUDLQDWIUDFWXUH
ߝ௦ ߝሶ௠ݐ௥
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ߝሶ௠ VHFRQGDU\PLQLPXPFUHHSUDWH
ߝכ 0RQNPDQ*UDQWFRQVWDQW
ߟ ሺͳ ൅ ݎሻȀሺͳ ൅ ݎ െ ݌ሻ
ߣ ߝ௥Ȁߝ௦
ߪ VWUHVV
ߪ଴ VWUHVVDWݐ ൌ Ͳ
ߪ௥ DYHUDJHVWUHVVDWݐ௥
ߪ௧ VWUHVVDWWLPHݐ
ߪ௨ XOWLPDWHWHQVLOHVWUHQJWK
ߪ௬ \LHOGVWUHVV
ߪത ൌ ߪ௥
߰ .DFKDQRYGDPDJHSDUDPHWHU
߱ 5DERWQRYGDPDJHSDUDPHWHUሺൌ ͳ െ ߰ሻ
߱௖௥FULWLFDOYDOXHRI߱IRUIDLOXUH
ሶ߱ ଴ LQLWLDOUDWHRIGDPDJHDFFXPXODWLRQDWݐ ൌ Ͳ

.DFKDQRY>@SURSRVHGWKDWGDPDJHFRXOGEHFKDUDFWHUL]HGLQ WKHIRUPRI ORVVRIVWUHQJWKDVDUHVXOWRIVWUHVV
WHPSHUDWXUHDQGGHIRUPDWLRQXVLQJDTXDQWLW\ȥGHFUHDVLQJIURPDWWKHRXWVHWWRDWWKHWLPHRIIDLOXUHZLWKRXW
WKH UHTXLUHPHQW RI D SK\VLFDOPRGHO  'DPDJH DFFXPXODWLRQ LV WDNHQ DV D IXQFWLRQ RI WKH LQLWLDO VWUHVV DQG WKH
FRQGLWLRQVH[SHULHQFHG LQ WHUPVRI WHPSHUDWXUHDQG WLPH DQGDSRZHU ODZ LV DVVXPHG IRU WKH VWUHVVGHSHQGHQFH
7KHSURFHGXUHZDVPRGLILHGE\5DERWQRY>@XVLQJWKHSDUDPHWHUͳ െ ߰VRWKDW߱ ൌ ͲDWWKHVWDUWRIOLIHDQG߱ ൌ
ͳDWWKHHQGRIOLIH7KH.DFKDQRY5DERWQRYUHODWLRQ>@IRUGDPDJHDFFXPXODWLRQLV
ሺͳ െ ߱ሻሺଵା௥ሻ ൌ ͳ െ ܤሺͳ ൅ ݎሻߪ଴௞ݐ  
7KHWLPHWRFUHHSIDLOXUHݐ௙LVJLYHQE\ݐ௙ ൌ ߚݐ௥DQGWKHWLPHIRU³EULWWOH´IDLOXUHLVJLYHQE\
ݐ௥ ൌ ͳȀܤݐ௙ ൌ ߚݐ௥ሺͳ ൅ ݎሻߪ଴௞  
B DQGkDUHPDWHULDOFRQVWDQWVREWDLQHGE\FXUYHILWWLQJߪ଴LVWKHLQLWLDOVWUHVVDQGߪതLVWKH³IORZVWUHVV´ZKLFK
OLHVEHWZHHQ WKH\LHOGVWUHVVDQG WKHXOWLPDWH WHQVLOHVWUHVVDSSUR[LPDWHGE\ WKHVWUHVV OHYHO LQDVKRUW WLPHFUHHS
UXSWXUHWHVW7KHWLPHWRIDLOXUHLVJLYHQE\
ߚ ൌ ͳ െ ሺߪȀߪതሻଶǢ ݀ሺߪሻȀ݀൫ݐ௙൯ ൌ െߚȀ݇  
7KHVWUHVVVWUDLQUHODWLRQVIRUWHQVLOHGHIRUPDWLRQDUHVKRZQLQ)LJ$ZKLOH)LJ$VKRZVWKHGHILQLWLRQVRI
tfݐ௥ߚDQG k RQ WKH PRGLILHG .DFKDQRY EULWWOH UXSWXUH FXUYH WKH ORFL RI DQG tr EHLQJ LQGLFDWHG 2WKHU UHODWLRQV
LOOXVWUDWHGRQ)LJ$DUH
7KHVWURQJHVWRIWKHFKDUDFWHUL]LQJIDFWRUVLVߚLWGHILQHVWKHOLPLWVRIߪതDWߚ ൌ ͲDWݐ ൌ ͲDQGWKHUHJLRQEULWWOH
IUDFWXUHሺߚ ՜ ͳሻRQWKHOLQHtr RIVORSHെ݇ିଵ
)URPVKRUWWLPHFUHHSUXSWXUHGDWDߪതk DQGݐҧFDQEHGHWHUPLQHGE\FXUYHILWWLQJDQGWKHtf OLQHGUDZQRQDSORW
RI ORJߪYHUVXV ORJ tf7KH VHQVLWLYLW\RI WKHPHWKRG WR WKHSURFHGXUHRI FXUYH ILWWLQJZKLFK LQFOXGHVDPDQXDOO\
FKRVHQYDOXHRIk KDVEHHQGLVFXVVHGSUHYLRXVO\E\3HQQ\>@DQGVHYHUDOH[DPSOHVRIH[WUDSRODWLRQXVLQJWKH
PHWKRGKDYHEHHQSXEOLVKHG
7KH SURFHGXUH RXWOLQHG DOORZV IRU OLIH SUHGLFWLRQ EDVHV RQ VKRUWWLPH WHVWV DQG WKH H[WHQW RI GDPDJH DQG
UHPDLQLQJOLIHFDQEHFRPSXWHGEDVHGRQRSHUDWLQJFRQGLWLRQV
5HPDLQLQJOLIHFDQDOVREHHVWLPDWHGPRUHGLUHFWO\LIWKHFXUUHQWVWUDLQUDWHFDQEHPHDVXUHG,QWKHSDVWWKLVZDV
FRQVLGHUHG LPSUDFWLFDO EXW ZLWK WKH GHYHORSPHQW RI KLJK VHQVLWLYLW\ WUDQVGXFHUV WKDW FDQ RSHUDWH DW HOHYDWHG
WHPSHUDWXUHWKHPHWKRGKDVEHFRPHDSUDFWLFDORQH7KXVWKHUHLVDVLJQLILFDQW>SRWHQWLDOIRULWVDSSOLFDWLRQLQSRZHU
SODQWVLQZKLFKFULWLFDODUHDVFDQEHLQVWUXPHQWHGDQGKDYHGDWDUHFRUGLQJV\VWHPVLQSODFH
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)LJ$6FKHPDWLFVWUHVVVWUDLQWLPHWHQVLOHUHODWLRQVKLSV


)LJ$7KHPRGLILHG.DFKDQRYEULWWOHUXSWXUHFXUYH
7KHWHUPሺͳ െ ߱ሻ߱IURPHTLVVXEVWLWXWHGLQWRWKH1RUWRQHTXDWLRQIRUWKHVWUDLQUDWHGHSHQGHQFHRQVWUHVV
ሺߝሶ ൌ ܥߪ௠ሻLQ WKH IRUPߝሶ ൌ ܭߪ଴௠Ȁሺͳ െ ߱ሻ௣ZKHUH p LV D PDWHULDO FRQVWDQW UHODWLQJ WR PLFURVWUXFWXUDO GDPDJH
,QWHJUDWLQJ
ߝሶȀߝ଴ݐ௥ ൌ ߟൣͳ െ ሺͳ െ ݐȀݐ௥ሻଵȀఎ൧  
ZKHUHߟ ൌ ሺͳ ൅ ݎሻȀሺͳ ൅ ݎ െ ݌ሻDQGVXEVWLWXWLQJHTLQHTZHREWDLQ
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ߝȀ൫ߟߝሶ଴ݐ௙൯ ൌ ሺߟȀߚሻ ቂͳ െ ൫ͳ െ ߚݐȀݐ௙൯
ଵȀఎ
ቃ  
7KH WHUP ߝሶ଴ݐ௙ FDQ EH FRQVLGHUHG DV WKH 0RQNPDQ*UDQW FRQVWDQWߝכ  KRZHYHUߝሶ଴ GRHV QRW UHSUHVHQW WKH
PLQLPXPFUHHSUDWH LQD WHVW LQYROYLQJSULPDU\DQGVHFRQGDU\FUHHS LW LV WKHLQLWLDOFUHHSUDWHXSRQORDGLQJZLWK
VWUHVVߪ଴$Q DOWHUQDWLYH GHULYDWLRQRI WKH YDULDWLRQRI VWUDLQZLWK WLPHZDV SURYLGHGE\3HQQ\ >@ &RQVLGHULQJ
FRQVWDQWYROXPH
݀ܮ௧Ȁܮ௧ ൌ െ݀ܣ௧Ȁܣ௧ ൌ ݀ሺͳ െ ߱ሻȀሺͳ െ ߱ሻ  
ZKHUH L LV OHQJWK DQG A FURVVVHFWLRQDO DUHD RUሺͳ ൅ ߝሻሺͳ െ ߱ሻ ൌ ͳ ZKHUHߝLV HQJLQHHULQJ VWUDLQ  )URP݁ ൌ
ͳ݊ሺͳ ൅ ߝሻZKHUHeLVWUXHVWUDLQDQGIURPWKHGHILQLWLRQVRItf trDQGHT
݁ ൌ െͳ݊ൣͳ െ ൫ߚݐȀݐ௙൯൧
ଵȀሺଵା௥ሻ
݁ ൌ െͳ݊ൣͳ െ ൫ߚ௧Ȁݐ௙൯൧
ଵȀሺଵା௥ሻ
 
'LIIHUHQWLDWLQJ
ൣ൫ݐ௙Ȁߚ൯ െ ݐ൧݀݁Ȁ݀ݐ ൌ ͳȀሺͳ ൅ ݎሻ  
(T LQGLFDWHV WKDW UHPDLQLQJ OLIHPXOWLSOLHGE\ WUXHVWUDLQUDWHߝሶ LVDFRQVWDQW IRUߚ ൌ ͳDQGIRU ORQJ WHUP
FUHHSGDWDߚ ՜ ͳ+HQFH
ܥ ൌ ሶ݁൫ݐ௙ െ ݐ൯ ൌ ሶ݁ݐ௥௘௠ܥ ൌ ሶ݁൫ݐ௙ െ ݐ൯ ൌ ሶ݁ݐ௥௘௠ 
ZKHUHtremLVWKHUHPDLQLQJOLIHRIWKHFRPSRQHQW
A.3. Applicability of the Methodology 
7KHDSSOLFDELOLW\RIWKHSURFHGXUHKDVEHHQGHPRQVWUDWHGXVLQJFUHHSVWUDLQGDWDIURPODERUDWRU\WHVWLQJDQG)LJ
$LOOXVWUDWHVDSORWRIWUXHVWUDLQUDWHYHUVXVWLPHZLWKH[SHULPHQWDOGDWDSRLQWVVKRZQ7KHUHVXOWLQJSORWRIWLPH
YHUVXVWKHLQYHUVHRIWUXHVWUDLQUDWHLVVKRZQLQ)LJ$EDVHGRQLQWHUSRODWHGSRLQWV
6XEVHTXHQWZRUNLVLQSURJUHVVXVLQJDQLQVWUXPHQWHGSRZHUSODQWZLWKDGDWDDFTXLVLWLRQV\VWHP

)LJ$7UXHVWUDLQUDWHYHUVXVWLPHIRU&U0RVWHHODWq&

(



       
7U
XH
VW
UD
LQ
UD
WH
K



7LPHK
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)LJ$7LPHYHUVXVLQYHUVHRIWUXHVWUDLQUDWHIRU&U0RVWHHODWq&DQG03D
A.4. Conclusions 
7KH DSSOLFDWLRQ RI FRQWLQXXP GDPDJH PHFKDQLFV WR WKH SUHGLFWLRQ RI GDPDJH DQG UHPDLQLQJ OLIH LQ KLJK
WHPSHUDWXUHFRPSRQHQWVVXFKDVSRZHUVWDWLRQVWHDPJHQHUDWRUVDQGFRPSRQHQWVLVDQHPLQHQWO\SUDFWLFDODSSURDFK
DQGVXSSOHPHQWVRWKHUSURFHGXUHVEDVHGRQWKHSK\VLFDODVVHVVPHQWRIGDPDJHE\PHDQVRIQRQGHVWUXFWLYHWHVWLQJ
DQGLQVLWXPHWDOORJUDSKLFH[DPLQDWLRQV
7KHPHWKRGRORJ\DOORZVSUHGLFWLRQRIUHPDLQLQJOLIHRQDFRQWLQXLQJEDVLVIRUDQLQVWUXPHQWHGSRZHUSODQWRU
VLPLODUFRPSRQHQWRSHUDWLQJDWHOHYDWHGWHPSHUDWXUH
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